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ABSTRACT: The groundwater in the study area is believed to be shallow and very vulnerable. This research
therefore aims at investigating the potential of deeper aquifer system using Vertical Electrical Sounding. The
study area covers Owerri west and Ohaji-Egbema LGA, Imo state, Southeastern Nigeria. It is lies between
latitude 5°200" - 5°300'N and Longitude 6°460 — 7°040" E. A total of Twenty two (22) VES was carried out with
maximum value of AB =1000m. Zohdy and interplex software were used to produce the resistivity curve. The
study area consists of 6-7 geo-electric layer: topsoil, clay, clayey sand, fine sand, medium sand, coarse sand
and gravel. The Aquifer resistivity ranges from 2800£2-m — 900042-m. The depth to potential aquifer across the
study area is between shallow to moderate with the deepest aquifer unit around Eziobodo (259m). The aquifer
unit is relatively thick with an average thickness of 87m. Longitudinal conductance ranges from 0.020/m —
0.0340/m). Transverse resistance ranges from 0£2m- 14000002m. Hydraulic conductivity varies from moderate
to high. The Transmissitivity ranges from 1.124539731m%day - 55.78235216m°/day. Using the aquifer
geometric parameter Da-zarouk and Hydraulic parameter, the groundwater potential index map was produce
and this classified the area into: Moderate and high prolific zone.
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l. INTRODUCTION

Potable water is the water that is suitable for drinking and sanitary purposes. The accessibility to
potable water is an essential matter all over the world and Owerri is no exception. Within the study area
groundwater is the most reliable source of water for drinking and irrigation purposes.

Electrical resistivity method has increasingly found it relevance in groundwater exploration owing to
the rapid improvement/availability of iterative software. This method implores the sinking of electrical current
into the earth and measuring the resultant potential difference. Measurement of earth resistivity gives
importantinformationon the measure of water saturation and connectivity of pore space within the rock. A rock
containing air in it pore spaces will record a high resistivity while reverse will be observed in soil containing
water in its void spaces [1], [2].

Several studies have been carried out to investigate the subsurface within the study area, all in bid to
solve hydrological, environmental and geotechnical problems. Some studies such as [3], [4], [5], [6], [7] and
[8]have been carried out on some aspects of the hydrogeology of some part of the study area and they all
pointed out the that the groundwater system is shallow and vulnerable.

The study area lies within the southern Nigeria sedimentary basin. The areas cover Owerri west and
Ohaji-Egbemasituated within Imo state Southeastern Nigeria. It is lies between latitude 5°200" - 5°300" N and
Longitude 6°460 — 7°040' E.

Rapid urbanization, industrialization and agriculture has led to continuous contamination of the surface
water, hence inhabitant of the area rely greatly on groundwater as a better alternative for water supply. And “the
so called groundwater” in the study area is a shallow aquifersystem, hence the groundwater is easily
contaminated due to the porous nature of the overlaying geologic materials. This research therefor aims at
investigating the potential of deeper aquifer system and evaluating the groundwater potential index using
parameters (geo-electric, Da-Zarouk and hydraulic parameters) derivedfrom Vertical Electrical Sounding.
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Figure 1: Map showing the geology and VES traverse of the study area
Il.  Geology
Table 1: Stratigraphic succession in the area (modified after: Adegoke et al, 2017)
Period Age Formation Lithology
Quaternary | Recent Meander belts Sand, gravel and clay
Tertiary Miocene — recent Benin Medium- course grain poorly
unconsolidated sand with clay lenses and
stringers
Oligocene Ogwashi- Asaba Consolidated sands with ignite seams

The study area is composed of both Niger delta basin (Benin Formation) and Anambra basin
(Ogwashi/Asaba Formation). This is characterized by three major packages. The Ogwashi/Asaba Formation is
observed to be the oldest and is overlain by the Benin Formation. The Benin Formation is overlain by recent
Meander sand belts. The stratigraphic succession is shown in Tablelabove.

I11.  Methodology
A total of 22 VES was carried out using AbemTerrameter SAS 4000 with maximum AB/2 of 500m.
This techniqueallows the shooting of electrical current deep into the subsurface through a duo of current
electrodes and themeasurement of the subsequent potentials through potential electrodes. Because the current
and potential difference is known, the equipment therefore calculates theresistance. Thereafter, the apparent
resistivity can be estimated by multiplying the resistance with the geometric factor. The resistivity of any
subsurface earth material is influenced by the magnitude of the current, the observed potential difference, and
the geometry of the electrode configuration adopted. Likewise, the depth of investigation is influenced by the
geometry of the Schlumberger array used and the maximum spread of AB/2. For any electrode configuration
adopted the apparent resistivity is given as. The basic equation is:

pa= ZEG(ATV) 1)
Kex (-3 @

Where “a” is the current electrode separation and “b” is the potential electrode separation.
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The collected data was plotted on a bi-log graph of apparent resistivity against half current electrode spacing
using computer iterative software (Zohdy and interplex 1D).
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Figure 2:Flow chat of the methodology

3.1Groundwater potential Index

After the careful estimation of Da Zarouk and Hydraulic parameters from the VES data, [10]
Groundwater potential index was adopted for classifying the groundwater system, for this to be obtainable the
following assumption were made.

3.1.1Assign Weight to parameters

The parameters were assigned different weight (betweenl-3, see Table 2) taken into account their of
degree relevance in groundwater exploration. The most relevant parameters were assigned a weight of 3while
the least were assigned a weight of 1. Parameters like aquifer litholgic unit (L) and thickness (b) is assigned 3
because they have a great influence on the porosity and permeability of an aquifer. While depth was assigned
the least weight (see Table 2).

3.1.2Ratings/categorization to parameters values

Aquifer parameters were assigned different rating (1-3) depending on their magnitude. For example
aquifer unit with thickness of above 100m were assigned a rating of 3 since the thicker the aquifer the better it
water potential. Table 3 shows parameters and their ratings.

3.1.3Establish cutoff

To establish the cutoff, the maximum GWPI was first calculated. Since there are six (6) parameters and
the GWPI is the cumulative of the product of weight with rating, the maximum GWPI is given as 3°* 6 =56. 3
classes was therefore established, 25<moderate>30 (since half of 56 lies between 25-30) <25 as low and >30 as
high (see Table 4).

3.1.4Estimate GWPI

Groundwater Potential Index is given as the cumulative of the weight and the ratings (3). GWPI was
therefore calculated for different areas (different VES point).
GWPI =L *L+ by *b+ T, *T+ Ky *Kit py*pr+ Z,*Z,, (3)
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Table 2: Summary of GWPI parameter and their assigned weight (modified after Amah et al 2012)

Parameters Weight
L, b 3
T,K p 2
Y4 1

Where w=weight and r= rating for GWPI, k= hydraulic conductivity, b= aquifer thickness, L=aquifer unit, T=
hydraulic transimissvity, Z= aquifer depth

Table 3: Summary of GWPI parameter and their rating (modified after Amah et al 2012)

Rating(r) 3 2 1
L Coarse-medium Sst Fine Sst Clayey sand
b >100 100 — 50 <50
T > 5000 500 -5000 <500
P <5000 5000 - 10000 >10000
z >120 120 - 50 <50
K >0.05 0.05-0.03 <0.03
Table 4: Cut off

Cut off Class

<25 Low

25-30 Moderate

>30 High

IV.  Result And Discussion

The Vertical Electrical Sounding (VES) curves are presented (in appendices).The curve type varies

ranging from simple: HA, AA, AH to complex type: AKA, HAK, AHAH, AHAK, AAK. The general sequence
of the entire curve types indicates a sequence that alternates between resistive to conductive layers. The VES
result was compared with geology to infer the geo-electric layers of the study the area. 7- 6 geo-electric layers
was identified they include; top soil, clay, clayey sand, fine sand, medium sand, coarse sand, gravel and wet
gravel.

4.1 Aquifer geometric parameters (Aquifer depth, thickness and resistivity)

The depth to the potential aquifer ranges from 30m — 259m at VES 12 and VES 19 respectively (see
figure 3). The area marked with blue indicates shallow depth to aquifer unit and it can be found at the
Northwestern end of the study area. The area marked with red and yellow indicates area of deep aquifer depth
which can be seen at the Eastern part of the study area. The depth to the aquiferous unit is generally shallow
with an average depth of 36m to the top of the aquifer and 178m to the bottom of the aquifer.

The Aquifer thickness ranges from 20.9m — 145m at VES 13 and VES 16 respectively, with an average
thickness of the 87m. The resistivity ranges from 2800Q2-m — 52000Q2-m as seen at VES 18 and VES

2respectively.
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Figure 5: 2-D/3-D model of Aquifer resistivity (Q-m) of the study area

4.3 Dar-Zarrouk parameters (Transverse resistivity and longitudinal conductance)

The transverse resistance (t;) was obtained by simply taking into account the product of both the aquifer
resistivity and aquifer thickness, while the longitudinal conductance (S) was estimated by dividing the aquifer
thickness by the aquifer apparent resistivity. Fig 6 and 7 above showed similar distribution trend of both the
transverse resistance and the longitudinal conductance. Relatively low values of t, and S were seen at the
western part of the study area while the Southeastern parts houses relatively high t, and S.
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Figure 6: Aquifer transverse resistance map Figure 7: Aquifer longitudinal conductance (c/m)

4.4Hydraulic parameter (Hydraulic conductivity and transmmissivity)

The hydraulic conductivity is used to describe the ability of a material to conduct fluid under a unit
hydraulic gradient [11]. The Hydraulic conductivity is usually estimated from pump test of the borehole around
the area. However, in this research work, it is pertinent to note that the hydraulic conductivity was estimated
using Heighold method [12]

H= 386.4R093%8= K (4)
Where R= resistivity of the aquiferous unit
K = hydraulic conductivity

T=Kot, =KS/c =Kb (5)

Hydraulic conductivity was estimated using (5) above. T is the aquifer transmissivity, K is the
hydraulic conductivity, b is the aquifer thickness, t, is the transverse resistance of the aquifer, and S is the
longitudinal conductance. S andt, are often referred to as the Dar-Zarrouk parameters the above (5) was
established using [13]. The calculated aquifer hydraulic parameters from Dar-Zarrouk parameters are shown in
Fig 8 and 9 below.

The transmmissivity values varies from one location (VES point) to another although the study due to
the variation in the geologic Formation of the area (Benin Formation and OgwashiAsaba formation).This also
implies variations in the groundwater potential of the study area. High transmissivity and hydraulic conductivity
is observed in the middle of the study area which is an indication of good groundwater yielding proficiency. The
transmissitivty of the study area ranges from (1.124539731m?/day - 55.78235216m?%/day) as seen at VES11 and
VES 18 respectively.
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Figure 8: Map of aquifer hydraulic conductivity Figure 9: Map of aquifertransmissitivity

4.5 Geo-electric layers and correlation

The profile section (A-B)established in the study area runs through the Southwest-Northeast direction
and it traverses through VES 21, VES3, VES 22, VES10, VES14 and VES 17. The VES in this profile consist
of 6-7 layers made up of: top soil, clay, clayey sand, fine sand, medium sand, coarse sand and gravel. The clay
ranges from 18.5Qm- 73.2Qm, clayey sand ranges from 202Qm- 970Qm, fine sand ranges from 1120Qm-
2880Qm, medium sand ranges from 3345Qm- 9700Qm, coarse sand ranges from 12,100Qm- 24,600Qm and
gravel ranges from 30,000Qm — 52,00Qm. The Aquifer unit of this profile is medium-coarse sand and the
aquifer depth are relatively shallow expect for VES 14. The aquifer across the profile is thick enough to yield
prolific water and VES 14 has the thickest aquifer unit.
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4.6 Iso-resistivity model across the area
Table 3:Summarized tableof Iso-resistivity data of the study area

VES | LOCATIONS | LONGITUDE | LATITUDE | AB/2 | AB/2 | AB/? | AB/Z |AB,2 | AB/I | AB/I | AB/I | AB/2 | AB/1 | AB/2 | B2
NO (E ] 210 |=20 |=30 |=50 |=75 |=-100|-160 |=220 |=280 | =370 |-450 | =500
1 | NAZE - oer sasoige | 3544 [1500 [2000 [2700 [3200 [3100 [2800 [ 3132 [ 31915 [ 34097 [ 3000 [ 24590
7 | NEKEDE Toeerr | samaas |1 200 [300 [s00 [e20 [so0 [1200 [1s00 | 272662800 [3000 [ 45825
3 | [HIAGVA 2011028 | s3mmenp | 6 | 2368 |60 |50 |seD | 1100 | 1300 | 1760 | 20494 | 31779 | 2600 | 23462
4 |MGERICGD | pocrt | sapiaog | 250|505 |90 | 1780 | 2000 | 2200 | 2600 | 30000 | 20662 | 26841 | 6000 | 940
5 |PHORERRL [ oo | apmpgy | 10181 [ 1200 [ 1780 [1934 [20615 [2200 [ 193¢ | ;a0 [170s [2265 | 2300 [24388
€ | AWARRA- I5613 | 2000 | 49988 | 4641 | 472 | 5000 | 3598 | BES1 | G775 | 17076 | 20000 | 30598
OHOBA 5820389 | 5390678
7 | AsA errsee | sagisos | 750 | 1200 [2300 [3sa7 [3e00 [4200 [4235 [sso0 [4s19 [eear [eso0 [s2ms
§ | AWARRA sTm0ese | sagier1 | 0BT | 1300 [ 1300 | 2700 | 3600 | 4300 | 600D | 7000 | 4735 | 5373 | 4000 | 423
5 |UMUOKRDE | ooe™ | passmn | 102 | 1500 [200 | 400 | 770 800 | 1137 | 1393 | 2200 | 3425 | 3600 | 4000
10 | OFOROLA el | satgmn | 2126 | 3100 [2907 |304: [3000 (200 (2781 |30 [2720 [ 3000 [ 30040 | 302
11 | OHOBA copmam | 541 380|600 | 900 | 1300 | 2617 | 280D | 4326 | 4500 | 836 | 9964 | 9830 | 94T
17 | OBOSMA 180 | 340 |55% | 766 | 767 |@B3 |eBs | 710 | 1580 | 1673 | 1270 | 4L
OHAT B918167 | 54405
13 | CEIGVE ssapszm | sasasa |76 | 1200 [1830 [2s32 [2s13 (2774 [27s0 (2709 [2876 |33 a0 [aem
13 | ADAPALN- 1200 | 1830 | 2678 | 3115 | 3180 | 2888 | 3000 | 3003 | 3000 | 3386 | 4100 | 4330
ANAFOR. 8825 5485222
15 | AVU- B18 | 1300 | 1672 | 2700 | 3606 | 400D | 4883 | 4993 | 4707 | 7184 | 9000 | 26980
JIUNCTION | 8331 5443832
16 | UMUCKANE- 2659 | 2900 | 3700 | 4300 | 4851 | 6279 | 7000 | 7951 | 9679 | 7are | 2000 | 917
AWARA 8879611 | 5288472
7 |EBEWURD | oovoior | sammesg | 280 | 750 | 1076 | 1500 | 1647 | 2500 | 2677 | 6383 | 6239 | 7ess | 10000 | 25558
18 |UMUGIMA | oonomn | sa7megq |20 | 400 761 828 [1000 [1250 [1992 |212¢ [2029 [1385 [ 1700 [ 1678
15 | EACBIDO 1200 [1s00 [2412 | 3150 [3732 [ 3s3s [ 3498 | 3a73 [a0ss | 4sve | 4430 |3
7009722 | 5280944
70 | EACEDO- 2000 | 5300 | 6176 | 6639 | 7280 | BOOD | 10789 | 13908 | 23260 | 11235 | 1145 | 11663
OGEEKE 7044472 | 5380022
11 | OEEE T | 5agwag | 698 | B00 [1205 | 1370 [1502 [ 1800 | 2054 | 2543 | 2097 [ 1569 | 1200 [ 656
1 |OBINZEFUT | pooenss | magogrn | 1954 | 2000 | 3007 | 4000 [ 4970 5500|7000 | 6700 | 3499 | 4137 | 4800 | 4920
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Figure 12: Iso-resistivity map at AB/2 = 75m and 160m
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Figure 13: Iso-resistivity image map at AB/2 = 370m and 500m

From the iso-resistivity map above it could be seen that the resistivity is relatively moderate at shallow
depth (AB/2=75 and 160m) and highest along the Southeastern and Southwestern end. And with deeper depth
resistivity values across the area increased significantly (AB/2= 370m and 500m) with the highest values around
the West ward section.

4.7 Groundwater Potential Index (GWPI)

This GWPI was estimated using aquifer geometric, Da Zarouk and Hydraulic parameters. And this
categorically divided the investigated area into two (high and moderate) based on their estimated GWPI. High
groundwater potential zone includes: VES 13,VES12, VES22, VES 5, VES 4, VES 19, VES 20, VES 10,VES
3,VES 2, and VES15, while the moderate prolific zone are: VES 17, VES 14, VEX 11, VES 6, VES 9, VES 8,
VES 16, VES 20, VES 21 and VES 1.

GWPI

6.8 6.85 6.9 6.95 7 7.05
Figure 14: GWPI map of the study area

V.  Conclusion And Recommendations

5.1 Conclusion

The results show that the study area is dominated by sand and clay packages within the Benin
Formation. And clay with sand and silt packages within the Ogwashi-Asaba Formation. The iso-apparent
resistivity maps show that these lithologic units occur at varying thicknesses as different pockets of resistivity
were recorded. The Groundwater Potential index map showed that the Groundwater Potential of the area is
between high — moderate with the highly prolific zone coinciding with the Benin Formation and the Moderate
prolific zone coinciding with the Ogwasi-Asaba Formation.
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5.2 Recommendations
Having carefully carried out this research, the following recommendation can be made:

1. The design of the casing system of those shallow aquiferous areas must be carefully completed and properly

grouted to avoid contamination of the groundwater system.

2. Since the aquifer unit of the study area is majorly shallow, the use of filters and treatment plant are

encouraged.

3. For areas with multiple aquiferous units, deep aquifer should be targeted in other to avert the chances of

tapping the contaminated water.
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APPENDIX

MODELED GEOELECTRIC FIELD CURVES
VES 2- NEKEDE, OWERRI

VES 1- NAZE
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VES 4 - MGBIRICHI, OHAJI
VES 3 - IHIAGWA, OWERRI

T *.

VES 6- AWARA-OHOBA ROAD

VES 5 -NEW GAS PLANT, OWERRI-PH EXPRESSWAY

DIRECTION LAYOUT:

AWARA- OIIOA KOAD, IMO STATE

w523 367

svuok

ANCH WORK

VES 8- AWARA, OHAJI

VES 7- ASA, OHAJI
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VES 9- UMUOKANNE

VES 10 - OFOROLA

VES 11- OHOBA

VES 12 - OBOSIMA, OHAJI

VES 13 - UMUAKPU (OBIGWE)

VES 14 - ADA PALM AMAFOR
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VES 16 - UMUOKANNE AWARA
VES 16 — AVU (PH EXPRESSWAY)

VES 18 - UMUGUMA

VES 17- ETEKWURU

VES 19 - EZIOBODO HEALTH CENTER VES 20 - EZIOBODO-OGBEKE ROAD

STUBRYTS IESKARH WORK
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VES 21 - OGBEKE

VES 22 - OBINZE FUTO-ROAD
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